The only known report on sedimentation in the upper Stony Creek basin is by Brown and Thorp (1947, p. 16-61 
DESCRIPTION OF AREA

GENERAL FEATURES
The upper Stony Creek basin, on the eastern flank of the Coast Ranges of northern California ( fig. 1 ), extends from Colusa County northward through parts of Glenn, Lake, and Tehama Counties. Topography of the 741-square-mile area ranges from steep, rugged mountains on the western boundary to gentle foothills on the eastern boundary. Elevations within the basin range from 370 feet above mean sea level at Black Butte Dam to approximately 7,000 feet at several peaks along the western boundary.
Stony Creek, a tributary to the Sacramento River, flows northward through the foothills. Most of the runoff is from the western part of the basin. The gradient of Stony Creek ranges from less than 2 feet per mile near the Black Butte Dam to approximately 400 feet per mile in the headwaters.
East Park and Stony Gorge Reservoirs provide most of the storage of runoff from the basin. This water is stored for only a few winter months, then is released for irrigation in the spring and summer. Another dam constructed at Black Butte in 1963, subsequent to collection of data for this study, provides for additional storage.
F4 SEDIMENTATION IN SMALL BASINS
VEGETATION AND SOILS
Vegetation in the semiarid lower and intermediate elevations of the upper Stony Creek drainage basin consists mostly of native grasses and scrub brush; the generally sparse vegetation contrasts with the luxuriant growth of marketable timber at higher elevations. Only during the winter and early spring is the soil moisture adequate to produce a growth of range grasses sufficient for grazing. Soils in the area range from shallow soils unsuitable for agriculture that are on the foothill slopes to thick soils of gravelly loam in the valley.
In the humid areas of the basin, mixed stands of fir, pine, and oak provide a good soil cover, except where logging, road building and other activities of man have affected the natural vegetation.
CLIMATE
Climate of the upper Stony Creek basin is typical of the Coast Ranges in northern California. Summers are characterized by long periods of hot, dry weather with little or no precipitation, and winters are mild and humid. Frequently, more than 65 percent of the annual rainfall occurs during the 4-month period, December-March.
Four climatological stations within the basin are maintained by the U.S. Weather Bureau (table 2 and fig. 1 ). Long-term records are rating curve and the adjusted water discharge at the gaging station at Black Butte Dam. The adjusted water discharge was calculated by adding the quantity of water diverted by the South Diversion Canal and the quantity discharged 0.6 mile downstream from the dam. The average adjusted water discharge was 380,300 acre-feet per year for 1957-62 compared with 346,300 acre-feet per year for the period 1948-62.
Streamflow records for several other locations ( fig. 1 ) within the upper Stony Creek basin are available in annual water-supply papers of the U.S. Geological Survey and in the files of the U.S. Bureau of Reclamation, Sacramento, Calif. Most of these discharge records are fragmentary; however, some provide valuable data on reservoir inflow and streamflow.
Water-discharge records of Stony Creek above Stony Gorge Reservoir for the period 1919-41 include both outflow from East Park Reservoir and streamflow of Stony Creek upstream from the reservoir. Discharge records from 1919 to 1928 are representative of the period before the completion of Stony Gorge Reservoir.
The water-discharge record of Little Stony Creek near Lodoga (1908-34) is probably representative of natural streamflow. After construction of East Park Reservoir in 1910, the records for this station were calculated as the sum of outflow, change in storage, and evaporation less diversion into the reservoir.
Water discharge of Stony Creek near Stonyford (1913 Stonyford ( -14, 1918 ) is equivalent to the streamflow of Stony Creek above the East Park Feed Canal. Water diverted by the feed canal flows into East Park Reservoir. Table 4 gives the average annual inflow to East Park and Stony Gorge Reservoirs. 
SEDIMENT SURVEYS METHODS OF SURVEY
Fluvial sediment is deposited in the basin in many catchments, such as stock ponds and small dams, but most of it is trapped in two reservoirs, East Park and Stony Gorge. These reservoirs were surveyed to determine the quantity of sediment accumulation. Each reservoir was observed when the water surface was near spillway elevation and again when the water surface was near maximum drawdown.
The first surveys of East Park and Stony Gorge Reservoirs were made in May 1960, while water levels were near spillway elevation. These surveys were made to reestablish reference points used in the 1946 surveys (Brown and Thorp, 1947) and to determine the accumulation of sediment since 1946. Evaluation of the survey data indicated that some of the 1946 ranges could not be accurately identified; therefore, in November 1962, while the reservoirs were near maximum drawdown, a resurvey was made to determine the total sediment accumulation at the unidentifiable ranges. The total sediment accumulation since 1946 was determined at identified ranges (figs. 2,7).
The 1962 surveys of the reservoirs were made by transit-stadia traverse at ranges that were above the water level and by sonic depth sounding at submerged ranges.
Sediment depths at locations that could not be reestablished from the 1946 survey were measured by probing. This method consisted of pushing a ^-inch steel rod into the sediment until the original hard surface of the reservoir bed was reached. The thickness of the sediment was also determined at several locations by using an auger. The auger measurements confirmed that the probe measurements of sediment thickness were generally satisfactory.
Samples of lake sediment were obtained at several ranges by using a split-core sampler suspended from a boat. The sampler, similar to the device described by Porterfield and Dunnam (1964, p. 29) , penetrates the sediment deposit by the force of its own weight. Penetration is limited by the properties of the sediment deposit, such as cohesiveness, grain size, and compaction. Samples obtained with the core sampler are representative of sediment deposited in the top 18 inches of the reservoir bed.
LABORATORY ANALYSIS
Sediment samples collected from both reservoirs were analyzed for specific weight, specific gravity, and particle-size distribution.
Specific weight is defined here as the dry weight per unit volume. When applied to sediment deposits in reservoirs, it refers to the ratio of ovendried weight to undisturbed volume of the water-sediment mixture and is expressed in pounds per cubic foot. Specific weight is used for converting the volume of sediment deposits to total weight. This conversion is needed to compare the average rate of sedimentation in a reservoir to sediment-discharge data of related streams.
Specific gravity refers to the ratio of the dry weight of sediment to the weight of an equal volume of water at 4°C. Samples were analyzed by using the pycnometer method described by Krumbein and Pettijohn (1938, p. 501 ).
An analysis of particle-size distribution was made for each of the sediment samples. Sand (0.062-2.00 mm) was analyzed by dry or wet sieving. Silt and clay (less than 0.062 mm) were analyzed by the pipet method.
COMPUTATION OF SEDIMENT VOLUME
The volume of accumulated sediment was determined by dividing each reservoir into segments bounded on two sides by parallel sediment ranges. The volume of each segment was computed from a prismoidal formula described by Eakin and Brown (1939, p. 158-161 ) . The general formula is:
130,680 where V = volume of sediment, in acre-feet. A1 = area of the quadrilateral formed between two ranges by connecting the points of range intersection with maximum reservoir level, in acres. A = actual surface area of the reservoir between ranges, in acres. E = cross-sectional area of sediment in each of two adjacent parallel ranges, in square feet. W = width of each range at maximum reservoir level, in feet. h = the perpendicular distance from the range on a tributary to the junction of the tributary with the main stream, in feet. thereby be increased to 50,900 acre-feet (U.S. Bur. Reclamation, 1961) .
Most of the sediment deposited in East Park Reservoir is from Little Stony and Indian Creek basins, which together drain an area of 102 square miles. Although a small quantity of water is contributed from the Stony Creek drainage basin upstream from the Rainbow Diversion Dam, which is the headworks of the East Park Feed Canal ( fig. 1) , the quantity of sediment transported through this canal to East Park Reservoir is probably negligible. The flow carried by the canal is small, and coarse sediment is trapped by sediment barriers at the Rainbow Diversion Dam ( fig. 1 ) and must be removed periodically from these barriers.
DISTRIBUTION OF SEDIMENT
An inspection of the reservoir while the water level was low showed that most of the sediment was deposited in the deeper parts of the reservoir in and along the main stream channels; only thin deposits are evident on the former valley slopes. Sediment thickness increases in the downstream direction in both principal arms of the reservoir ( figs. 2 and 3) .
The channel of Little Stony Creek is well defined between range R13-R14 and the upstream end of the reservoir. Downstream from range R13-R14 the banks of the stream channel gradually become obscured and finally are buried under lake sediment. Sediment thickness increases downstream to a maximum of 5.5 feet at range R9-R10.
The channel of Indian Creek is well defined upstream from range R23-R24. Significant quantities of sediment, however, are evident east of the channel. Downstream the stream channel is obscured by gently sloping sediment deposits that increase in thickness to a maximum of 8.5 feet at range R21-R22. Most of the sediment in the Indian Creek arm is deposited between ranges R19-R20 and R23-R24. It is deposited here probably because of a natural constriction in the reservoir and the damming effect of sediment deposits derived from several tributaries emptying into the main channel at right angles.
The percentage of sediment volume by segments is shown in figure  2 . Sediment entering the reservoir during the early part of the runoff season, while the water level is low, is transported to the lower reaches before it is deposited. Also, sediment deposits in upper and intermediate segments of the reservoir probably are washed farther downstream. A comparison of the 1962 longitudinal profile with the 1946 profile ( fig. 3) indicates that degradation is taking place at the thalwegs at the upstream end of each arm. 
PROPERTIES OF SEDIMENT
During the 1960 survey, nine samples of reservoir sediment were collected with a split-core sampler in both the Little Stony and the Indian Creek arms. Analyses of specific weight, specific gravity, and particle-size distribution of the samples are given in table 5.
Specific weight of the samples ranged from 36.2 to 66.2 pounds per cubic foot. The lowest specific weight was for a sample collected at range R1-R2 near the dam. Higher specific weights occurred in the upper parts of the reservoir where coarser material was deposited. 
The average specific weight of sediment in East Park Reservoir was 55 pounds per cubic foot. This average was computed by adjusting the specific weight of individual reservoir segments to the volume of sediment deposited therein. The specific gravity of material in the core samples ranged from 2.65 to 2.72 (table 5) . This narrow range of values indicates that specific gravity of mineral grains in the reservoir sediment was uniform throughout and comparable to that of many other reservoirs. Particle-size analyses of nine core samples (table 5) indicated that sediment deposited in East Park Reservoir was predominantly of silt and clay sizes. The average size distribution of the nine samples was 7 percent sand, 40 percent silt, and 53 percent clay.
Specific weight and particle-size of samples related to distance of the sampling location upstream from East Park Dam are given in figures 4 and 5.
Median particle size of sediment in both arms of the reservoir, in general, decreases in the downstream direction; however, the sample from R13-R14 (table 5) has an abnormally large amount of sand in proportion to silt and clay. A comparison of figures 4 and 5 indicates that sediment deposits are generally coarser in the Little Stony Creek arm than in the Indian Creek arm.
The specific weight and the median particle size of deposited sediment in East Park Reservoir were compared with similar data for several other reservoirs in the United States ( fig. 6 ). The data for other reservoirs, compiled by Welborn (1967, p. 106) , are representative of conditions where deposited sediments were relatively uncompacted. Although the plotted points are widely scattered, points representing data from East Park Reservoir plot close to the average curve.
VOLUME OF SEDIMENT
The volume of sediment deposited in East Park Reservoir during the 52-year period, December 1910-November 1962, as determined by the 1962 survey, was 1,960 acre-feet (table 6).This figure does not Relation of specific weight of deposited sediment in reservoirs to median particle size.
include the quantity of the sediment that passed through the reservoir. The ability of a reservoir, or catchment, to retain sediment is the trap efficiency and is expressed as a percentage of the sediment inflow. The trap efficiency of reservoirs is affected by many factors, such as the ratio of reservoir storage capacity to inflow, channel slope, sediment properties, water chemistry, turbidity currents, and reservoir operation. A trap efficiency of 96 percent was estimated for East Park Reservoir by comparing its capacity-inflow ratio with that of other reservoirs in the United States. These data, compiled by Brune (1953, p. 407-418) , were for reservoirs where the trap efficiency had been measured directly.
Because the estimate of trap efficiency of East Park Reservoir was nearly 100 percent, no compensating adjustment was made in the determination of sediment yield from the area upstream from the dam. Average sediment yield from the area upstream from the dam was 38 acre-feet per year, or 0.37 acre-foot per year per square mile.
STONY GORGE RESERVOIR DESCRIPTION OF RESERVOIR
Stony Gorge Dam is near Elk Creek, Calif., and is about 16 miles downstream from East Park Dam. The dam, constructed by the U.S. Bureau of Reclamation in 1928, is a concrete slab-and-buttress structure having a spillway gate elevation of 841 feet above mean sea level. The reservoir behind the dam is narrow and about 5.5 miles long (fig. 7) ; initial storage capacity was 50,000 acre-feet (U.S. Bureau of Reclamation, 1961) .
Most of the sediment inflow to Stony Gorge Reservoir is from a 199-square-mile area that includes the Little Stony Creek drainage downstream from East Park Dam and the adjacent Stony Creek watershed. A negligible quantity of fine sediment is diverted from Stony Creek at the Rainbow Diversion Dam.
Outflow from East Park Reservoir contributes some sediment to Stony Gorge Reservoir. This outflow contains mostly suspended material that is too fine grained to be deposited in East Park Reservoir. The quantity of this fine sediment deposited in the Stony Gorge Reservoir is probably small in relation to the quantity produced from the Stony Creek watershed.
DISTRIBUTION OF SEDIMENT
Most of the sediment in Stony Gorge Reservoir is deposited in and along the old channel of Stony Creek. Only thin deposits of sediment occur on the former valley slopes. The lack of major tributaries to the reservoir precludes any significant sediment deposits elsewhere. Sediment deposits generally increase in thickness in a downstream direction ( fig. 8 ) and have a maximum thickness of 12.8 feet at R7-R8. The channel of Stony Creek is well defined upstream from range R9-R10, although significant sediment deposits occur on low terraces above the streambanks. Downstream from R9-R10 the channel is obscured under gently sloping deposits of sediment. The lowering of reservoir levels during late summer months probably produces effects similar to those observed at East Park Reservoir, where part of the sediment previously deposited in the upstream end of the reservoir was washed downstream by early winter floods. These effects tend to concentrate sediment deposits in the intermediate and lower parts of the reservoir.
PROPERTIES OF SEDIMENT
Samples of reservoir sediment were collected at five ranges on Stony Creek. The results of laboratory analysis for specific weight, specific gravity, and particle-size distribution are given in 2 Particle-size distribution at R17-R18 not included in mean.
has higher and more uniform specific weight. Specific weight was not determined for the sample at R17-R18 because it was collected from the streambed of Stony Creek at the upper end of the reservoir and was not representative of deposited sediment. Average specific weight for samples from the reservoir, on the basis of the volume of individual segments, was 59 pounds per cubic foot. Specific gravity of the samples ranged from 2.68 to 2.74. Particlesize analyses of four core samples (table 7) indicate that sediment deposited in Stony Gorge Reservoir averages about 22 percent sand, 40 percent silt, and 38 percent clay. Median particle size decreases markedly downstream ( fig. 9 ) from R13-R14 to the dam.
The sample taken at R17-R18 is not representative of sediment deposited in the reservoir; however, it was useful in determining the grain size of sediment carried to the reservoir as bedload. Because of the limited depth of sampling at other ranges, samples of the coarse material near the bottom of the reservoir were not obtained.
The data relating specific weight to median particle size for sediment deposits at Stony Gorge Reservoir compare as well with data from other reservoirs ( fig. 6 ) as do similar data from East Park Reservoir.
VOLUME OF SEDIMENT
The volume of sediment deposited in Stony Gorge Reservoir during the 34-year period November 1928-November 1962, as determined by the 1962 survey, was 1,840 acre-feet (table 6) . Trap efficiency, estimated by correlating the data with that for other reservoirs (Brune, 1953, p. 407-418) , was 94 percent.
No compensating adjustment based on trap efficiency was made in the determination of sediment yield from the area upstream from the dam. The average sediment yield for the 199-square-mile area upstream from Stony Gorge Reservoir, excluding the area upstream from East Park Dam, was 54 acre-feet per year or 0.27 acre-foot per square mile per year.
SEDIMENT DISCHARGE OF STONY CREEK SUSPENDED SEDIMENT
The suspended-sediment discharge of a stream includes the sediment that is moved in suspension in water and is maintained in suspension by the upward components of turbulent currents or by colloidal suspension (Colby and Hembree, 1955, p. 5) . Suspendedsediment data were compiled for one location near the Black Butte Dam ( fig. 1 ) in the upper Stony Creek basin. These data include information pertaining to sources, physical properties, and quantity Suspended-sediment data for Stony Creek at Black Butte Dam consist of 54 periodic measurements obtained at water discharges ranging from 0.2 to 17,200 cfs (cubic feet per second). Routine measurements were made about every 30 days; more frequent measurements were made during storm periods.
Each measurement was used in determining daily sediment discharge, which was plotted against daily water discharge to obtain a sediment-transport curve ( fig. 10 ). This curve was used with the continuous streamflow data to estimate sediment discharges for days on which no samples were taken. After storm and seasonal adjustments were applied, as described by Colby (1956, p. 13-26) , annual sediment loads were determined by summation of computed and estimated daily discharges. Annual sediment loads of Stony Creek at Black Butte Dam were thus synthesized for the water years 1957-62.
A sediment duration curve ( fig. 11 ) was prepared to evaluate sediment discharge with respect to frequency of occurrence. Examination, of the curve in figure 11 shows that days of highest sediment discharge represent only a very small percentage of the total period, but contribute a large percentage of the total sediment discharge. Although days when more than 1,000 tons of sediment was transported occurred only 6 percent of the time during the 1957-62 period, these days accounted for 97 percent of the sediment load. On the other hand, though days of low sediment discharge are frequent, the suspendedsediment discharge during the months of minimum streamflow, May through September, constituted only 0.6 percent of the 1957-62 load. Average sediment discharge during this period was 21 tons per day.
An average particle size for suspended sediment from Stony Creek was determined by weighting the particle-size values with respect to frequency of occurrence of the sediment discharge represented by each sample. Data from other reservoirs ( fig. 6 ) indicate that sediment deposited in Black Butte Reservoir with a median particle size of 0.0092 mm would have a specific weight of 58 pounds per cubic foot. This value compares well with the specific weights of sediment 1961; Mar. 20, 1961 : Mar. 9, 1962 and Apr. 6, 1962, not is equivalent to 409 acre-feet, or about 0.93 acre-foot per square mile. The average annual sediment discharge for the 6-year period is probably not representative of long-term conditions because of the large quantity of sediment transported during the 1958 water year, the wettest year of record in the basin. The frequency of such a wet year has not been determined. The average sediment discharge, excluding that for the 1958 water year is 118 acre-feet per year, or 0.27 acre-foot per year per square mile. This rate is comparable to the average annual sediment deposition of 0.37 and 0.27 acre-foot per square mile for East Park and Stony Gorge Reservoirs.
BEDLOAD
Bedload includes sediment transported near or in contact with the streambed. This load could not be measured by available sampling equipment. However, an approximate range of the magnitude was determined by three methods those of Einstein, Meyer-Peter and Muller, and Schoklitsch.
The modified Einstein method (Colby and Hembree, 1955, p. 66-113) is an empirical formula developed from studies on total sediment discharge of several alluvial streams in the midwestern United States. where G s = total bedload discharge, in tons per day. B = bottom width of the stream channel, in feet. Q s = the water discharge that transports a specific bedload, in cubic feet per second. Q = total water discharge, in cubic feet per second. D90 = particle size at which 90 percent of the bed material is finer, in millimeters. n s = Manning n value for the streambed. The Schoklitsch bedload formula, as discussed by Shulits (1935, p. 644-646, 687) , was developed from flume studies of bed material that consisted of quartz grains of uniform size. The Schoklitsch equation is 3745 G= S3'2 Q-0.0053 £5o2 where G = total bedload discharge, in tons per day. D50 = median diameter of the particles, in inches. S = slope of the energy gradeline, in feet per foot. w = width of the stream, in feet. Q = total water discharge, in cubic feet per second. Average annual bedload discharges were computed from each of these formulas on the basis of one composite bed-material sample, discharge measurements ranging from 300 to 36,000 cubic feet per second, and flow-duration data for the 6-year period 1957-62. The annual sediment loads determined from the modified Einstein, Meyer-Peter and Muller, and Schoklitsch formulas were 4,000, 9,000, and 30,000 tons per year, respectively. Estimated bedload ranged from 1 to 6 percent of suspended load.
Information used in estimating the bedload of Stony Creek was fragmentary, and an evaluation of applicability of the three formulas was not made; therefore, the range of values indicates only the approximate magnitude of bedload in Stony Creek.
SUMMARY AND CONCLUSIONS
Basic data collected in the upper Stony Creek basin will be useful in evaluating sedimentation characteristics for other basins in the Coast Ranges. The study was based on sediment surveys of East Park and Stony Gorge Reservoirs made in 1962 and on 54 periodic measurements of sediment discharge for Stony Creek at Black Butte Dam for the period 1957-1962.
The sediment survey of East Park Reservoir indicated only moderate sediment accumulation. Most of the sediment was deposited along the old stream channels within the reservoir. Stream channels are well defined at the upstream end of the reservoir but are completely buried by sediment at the downstream end. The average annual rate of sediment accumulation during the period 1910-62 was 0.37 acrefoot per square mile. The reservoir capacity was reduced an average of 0.07 percent per year for a capacity loss of 3.85 percent. Average composition of reservoir sediment, determined from nine core samples, was 7 percent sand, 40 percent silt, and 53 percent clay. Average specific weight of the sediment was 55 pounds per cubic foot.
Areal distribution and physical characteristics of sediment deposits in Stony Gorge Reservoir were generally similar to those of East Park Reservoir. Sediment accumulated at an average annual rate of 0.27 acre-foot per square mile during the period 1928-62. Reservoir capacity has been reduced an average of 0.11 percent per year. Loss of storage capacity as of 1962 was 3.68 percent. Average sediment composition, from four selected core samples, was 22 percent sand, 40 percent silt, and 38 percent clay. Average specific weight of deposited sediment was 59 pounds per cubic foot.
Suspended-sediment discharge of Stony Creek at Black Butte Dam averaged 517,000 tons per year for water years 1957-62. This discharge is probably not representative of the long-term average because 1958, one of the wettest years ever recorded, biases the shortterm record. The quantity of sediment transported at Black Butte Dam in 1958, 2,360,000 tons, was more than three times the sediment load transported during the other 5 years 1957 and 1959-62. Average sediment yield of 0.27 acre-foot per square mile, based on the load transported during 1957 and 1959-62, probably approximates the long-term yield of Stony Creek.
Sediment transported as bedload was computed from the modified Einstein, Meyer-Peter and Muller, and Schoklitsch formulas. Average bedload, determined from these formulas, ranged from 4,000 to 30,000 tons per year during the 6-year period 1957-62. Because of insufficient data, these values are representative only of the approximate magnitude of bedload transported by Stony Creek.
